In response to the development of new materials and the application of materials and components in new technologies the direct measurement, calculation and evaluation of textures and residual stresses has gained worldwide significance in recent years. Non-destructive analysis for phase specific residual stresses and textures is only possible by means of diffraction methods. The determination of global texture and the local variation of texture for example by inhomogeneous deformation are very important due to the coherence between the texture and the physical and mechanical properties of materials.
Introduction
Texture and stress analysis by measuring pole figures and strain with neutron diffraction techniques achieve world wide significance to researchers and industry. Due to the high penetration depth of neutron radiation, e.g. 20 mm into steel or 100 mm into aluminium, detailed stress and texture information within the bulk of components is accessible. The powder diffractometers at the OPAL reactor cover a wide range of non-destructive and phase specific texture and residual stress analysis. On the one hand the large beam size of the powder diffraction instruments affords the global texture measurement with the bulk information of large sample up to size of a few cm³. On the other hand, with beam line optics like focusing monochromators and slit systems small samples (< 1 mm³) or local resolved 3-d strain and/or texture mapping is feasible.
Measurement of local variation of strain and texture is detailed described in [1] and calculation of physical and mechanical properties [2] is very important in response to develop new materials and the application of materials and components in new technologies. Permanent improvement of diffraction methods will offer deeper view inside materials and better understanding.
Principle
The method of strain and pole figure measurement by neutron diffraction is based on Bragg's law, eqn. 1:
An incident monochromatic neutron beam of wave length λ hits the sample and can be reflected under the Bragg angle 2θ. In a polycrystalline material reflection takes place in all those crystallites which are in reflection orientation. A typical diffraction diagram as shown in figure 1 covers all the information needed for texture and strain analysis. After analysing the diffraction diagram with peak fitting software (for example "2diffcalc" [3] ) for every reflection the position 2θ and the integral intensity is noted.
Figure 1
Detector image and resulting diffraction diagram calculated by the software package "2diffcalc"
On the one hand, the presence of stress leads to a rearrangement of the lattice spacings which results in different d-values. The strain of the specimen is defined as:
The lattice distance of the stress-free specimen is defined as d 0.
With Bragg's law, the strain can be evaluated from the peak position as follows:
Strain will be measured by relative shift of the peak position in comparison to the peak position of the stress free sample. A typical experiment is operated by mapping different strain components to get the whole strain tensor of the sample at different positions in real space. For best spatial resolution it is desirable to define a cubic gauge volume. This is usually achieved by using two slit systems, one for the primary beam and one for the reflected (fig 2) , which are perpendicular to each other. 
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One the other hand, the integral intensity of every measured peak in combination with the notice of peak position and sample orientation offers the opportunity to calculate a pole density distribution, i.e. the pole figure, from a set of diffraction images [3, 4] . To measure this set of images under different sample orientations an Eulerian cradle placed on top of the sample table is needed. A typical pole figure measurement is carried out by a full 360° rotation of the sample around the ϕaxis in 5° steps and a χ-tilting from 0-90° with a step width depending on the area covered by the detector (in this case 15° steps for KOWARI [5] and WOMBAT [6] ).
WOMBAT texture measurement
The high flux powder diffractometer WOMBAT at the OPAL reactor is design to perform real time diffraction experiments with neutron radiation. In order to measure pole figures a large number of diffraction images are required to cover the whole orientation space. That makes texture analysis badly time consuming in comparison with other powder diffraction experiments. To reduce the measuring time considerably two options exist. The first option is increasing the flux to decrease the exposure time for every diffraction image. The other one is to cover as much as possible of the orientation space with an increasing detection area. This will reduce the number of required diffraction patterns by measuring different Bragg reflections and sample orientations simultaneously. With the WOMBAT diffractometer and its large area detector (Brookhaven National Laboratory position sensitive He-3 detector, 300 mm high) as shown in figure 3 , both options of optimization were utilized.
Figure 3 Schematic view of the high intensity powder diffractometer WOMBAT
In combination with an Eulerian cradle at the sample position the existing instrument is suitable for fast global texture measurements. Since it is possible to detect a huge number of reflections, WOMBAT is well suited for texture measurements of multi phase systems and samples with lower crystal symmetry. Figure 1 shows the diffraction diagram of a test measurement of a two-phase steel. With the pole figure calculation software "2diffcalc" a simultaneous measurement and analysis of both phases is feasible. The pole figures shown in figure 4 were recalculated from the orientation distribution function (ODF) using the software package "m-tex" [7] . The typical time scale for these kind of measurements is about 3 hours for a whole set of pole figures required for ODF calculations. 
KOWARI strain and texture measurement
KOWARI is a dedicated residual stress diffractometer with an optional setup for global and local texture measurement. The instrument overview and a typical strain setup is shown in figure 5 .
Figure 5 Schematic view of the strain scanner KOWARI
As a first experiment a strain scan through the aluminium VAMAS ring and plug cylinder test sample was performed [8] . The sample is used as round robin standard for neutron residual stress analysis. The inner cylinder was cooled and than placed in the warmed ring. At the border of the two pieces a well characterised stress pattern is generated, which can also be calculated analytically. Figure 6 shows the position dependent calculated strain in the radial direction over the whole diameter of the VAMAS sample. The results of the first strain test experiment are in good agreement with the calculated model strain.
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The combination of strain and texture measurement leads to another test experiment for local texture analysis. Due to lower absorption coefficients a friction stir welded aluminium sample was taken as a first test sample. The diffraction images were obtained using an incident wavelength of λ=1.66Å and a gauge volume of 2x2x2 mm 3 . The resulting pole figures were calculated with "2diffcalc" and are shown in figure 7.
Figure 7
Locally resolved Al (111) pole figure of a friction stir weld. The grey area indicates the part with high absorption rates due to the measurement geometry.
The texture development from an almost random distributed texture in the weld to the texture of the undisturbed base material is captured by this method. The pole figures were calculated from the raw diffraction data without applying any absorption correction. This method offers the feasibility to identify local inhomogeneity of different texture components. For a quantitative texture analysis the correction of the absorption due to changing pathway of the primary and diffracted beam through the sample is required. This step will be performed in a long term project with the SSCANS software environment.
Conclusions
First experiments on the OPAL powder diffractometers KOWARI and WOMBAT have pointed out the outstanding potential of modern neutron diffraction beamlines for strain and texture analysis. The standard measurement procedures are evaluated and were advised to the international user community. A high degree of standardization and automation offers an easy to use environment for strain and texture experiments. The whole procedure starting from sample alignment, followed by the pole figure measurement up to the ODF calculation is exactly the same on both instruments and can be done during the experiment. Also, strain analysis is possible with the same software packages.
